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From  24/7  flies  and  birds  to  24/7  humans: 

The  University  of  Wisconsin  Continuous  Performance  Project 

Ruth  Benca,  Chiara  Cirelli,  Giulio  Tononi 


STATEMENT  OF  THE  PROBLEM  STUDIED 

This  Phase  II  proposal  resulted  from  the  combination  of  two  independent  projects  in  Phase  I:  “Rapid 
discovery  of  continuous  performance  and  power-nap  compounds  through  large-scale  mutagenesis  in 
Drosophila”  (G.  Tononi-PI,  C.  Cirelli-CoPI)  and  “Avian  models  of  sustained  wakefulness”  (R.  Benca- 
PI,  N.  Rattenborg-CoPI).  The  goal  of  both  of  these  projects  was  to  find  ways  to  postpone  temporarily 
the  need  for  sleep,  and  do  so  in  a  way  that  is  completely  safe.  The  strategy  for  both  projects  has  been  to 
study  animal  models  of  sleeplessness,  including  models  created  through  mutagenesis  (flies)  or 
naturally-occurring  models  (birds),  in  order  to  identify  druggable  targets  that  can  be  exploited  to 
produce  prolonged  wakefulness  in  the  absence  of  performance  decrements  or  health  risks.  During 
Phase  I,  we  demonstrated  in  both  projects  that  models  exist  or  can  be  produced  that  fully  meet  the 
goals  of  the  CAP  initiative.  By  using  large-scale  mutagenesis  in  flies,  we  have  discovered  some  lines 
that  need  minimal  amounts  of  sleep  and  yet  perform  impeccably.  Moreover,  for  several  of  these  lines 
we  have  identified  the  responsible  genes,  opening  the  way  to  targeted  drug  development.  By  studying 
migratory  birds,  we  have  shown  that,  during  migration,  birds  can  dramatically  restrict  their  need  for 
sleep  for  several  days  and  yet  carry  out  their  tasks  flawlessly.  We  have  also  found  specific  transcripts 
that  are  upregulated  in  their  brains  during  migration,  which  will  also  lead  to  the  identification  of 
potential  drug  targets. 


The  overall  goals  for  Phase  II  was  to  characterize  the  mechanisms  for  these  models  and  determine  how 
to  switch  them  on  safely  in  humans.  Based  on  discussions  with  DARPA  at  the  June  2003 
Downselection  Meeting,  we  selected  to  combine  the  two  projects  in  Phase  II  for  two  reasons:  (1)  The 
overall  approach  for  each  model,  which  was  to  determine  the  specific  mechanisms  and  genes 
responsible  for  sleep  reduction  and  then  to  develop  drugs  that  can  produce  temporary  sleeplessness, 
was  generally  the  same;  and  (2)  It  was  likely  that  responsible  genes  were  similar  in  the  various  models, 
which  could  not  only  suggest  the  most  likely  targets  to  pursue,  but  also  reduce  duplication  of  efforts. 
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The  Phase  II  proposal  was  therefore  structured  along  3  subprojects  and  3  tasks: 

SUBPROJECTS 

Subproject  1:  Fly  models  and  molecular  biology;  Cirelli,  project  coordinator 
Subproject  2:  Bird  models  and  neurophysiology;  Benca,  project  coordinator 
Subproject  3:  Translation  into  mammalian  models;  Tononi,  project  coordinator 


TASKS 

Task  la:  Conclusion  of  target  iden  tification  for  con  tin  uous  performan  ce  compounds 
in  flies  and  birds 

A.  Sleep  deprivation  resistant  flies 

•  Continue  to  screen  EMS-mutagenized  lines 

•  Characterize  candidate  lines  behaviorally 

•  Characterize  candidate  lines  genetically  and  molecularly 

B.  Short  sleeper  flies 

•  Continue  to  screen  EMS-mutagenized  lines 

•  Characterize  candidate  lines  behaviorally 

•  Characterize  candidate  lines  genetically  and  molecularly 

C.  Unihemispheric  sleep  in  pigeons 

•  Continue  brain  collection  from  bihemispheric  and  unihemispheric  sleep  deprived  pigeons 

•  Screen  for  candidate  genes  using  differential  display 

•  Compare  cellular,  physiological,  cognitive  effects  of  unihemispheric  vs.  bihemispheric  sleep 
deprivation 

•  Characterize  candidate  genes 

D.  Migratory  sleeplessness  in  sparrows 

•  Continue  brain  collection  for  baseline,  preparatory,  migratory,  and  recovery  phases 

•  Screen  for  candidate  genes  using  differential  display 

•  Compare  cellular,  physiological,  cognitive  effects  of  migratory  sleeplessness  vs  sleep 
deprivation 

•  Characterize  candidate  genes 

Task  lb:  Down-selection  of  identified  fly/bird  targets  for  drug  discovery 

•  Microarray  gene  expression  profiling  of  mutant  fly  lines  to  identify  downstream  targets 

•  qPCR  analysis  of  candidate  migratory  genes  in  other  migratory  species 

•  Proteomics  on  selected  tissues 

•  Bioinformatic  down-selection  based  on  comparative  analysis  of  state-dependent  gene 
expression  in  other  species  (UW  database)  and  appropriate  mammalian  homologues 

•  Construction  of  constitutive  and/or  conditional  transgenic  fly  lines 

•  Construction  of  constitutive  and/or  conditional  knock-down  fly  lines  (RNAi) 
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•  Construction  of  constitutive  and/or  conditional  transgenic  mouse  lines 

•  Construction  of  constitutive  and/or  conditional  knock-out  mouse  lines 

•  Antisense  strategies  to  demonstrate  biological  and  behavioral  effects  of  candidate  genes  in 
birds/rats 

•  Antibody  strategies  to  demonstrate  biological  and  behavioral  effects  of  candidate  genes  in 
birds/rats 

Task  2:  In  vitro  screening  of  continuous-performance  compounds  against  targets 
selected  in  Task  lb 

•  Complete  screening  of  compound  libraries  against  potassium  channel  targets,  selectivity 
profiling 

•  Physiochem,  ADMET,  and  wide  profiling  testing  for  potassium  channel  compounds 

•  Assay  development  for  other  candidate  targets,  High  throughput  screening,  Initial  medicinal 
chemistry 

•  Preclinical  studies  (Xention  or  tbd) 

•  IND-enabling  studies  (Xention  or  tbd) 

Task  3:  In  vivo  testing  of  continuous-performance  candidate  compounds  identified  in  Task  2 

•  Scale  up  apparatus  for  testing  drug  effects  on  sleep/waking  and  performance  in  flies/birds/rats 

•  Test  candidate  compounds  for  effects  on  sleep/waking  and  performance  in  flies/birds/rats  (if 
needed,  monkeys) 

In  conclusion,  the  overall  goal  was  to  provide  DARPA,  by  the  end  of  Phase  II,  with  a  radically  new 
pharmacological  tool  to  safely  reduce  or  postpone  the  need  for  sleep  and  has  no  negative  effects  on 
physical  and  cognitive  performance.  Such  a  tool  would  profoundly  impact  military  operations  by 
minimizing  the  high  cost  of  sleep  deprivation  and  its  consequences  and  by  extending  the  envelope  of 
what  is  feasible,  irrespective  of  the  job  requirement,  branch  of  service,  or  theater  of  operation.  It  can 
also  be  expected  that  such  a  tool  would  find  extensive  applications  in  other  areas  of  society,  from  the 
transportation  industry  to  medical  services.  Most  importantly,  such  a  tool  would  achieve  the  goal  of 
the  CAP  program:  make  sure  that  our  soldiers  and  special  forces  do  not  lose  their  lives  because  they 
lost  their  sleep. 


SUMMARY  OF  THE  MOST  IMPORTANT  RESULTS 


The  findings  related  to  this  project  have  resulted  in  7 publications  (see  Bibliography),  where  the 
results  are  described  in  detail.  The  reprints  are  attached  as  Appendixes.  Below  is  a  brief  summary  of 
the  general  accomplishments.  The  overall  goal  has  been  met  by  the  identification  of  2  potentially 


3 


Tononi 


promising  pharmacological  tools  to  reduce/postpone  the  need  for  sleep,  i.e.  compounds  acting  on 
voltage-dependent  (Shaker-like)  potassium  channels  and  nicotinic  agents. 

Task  1 

•  More  than  15,000  EMS/P  lines  were  screened,  spanning  the  3  major  Drosophila  chromosomes 

•  Fifteen  sleep  deprivation  resistant  and/or  short  sleeper  mutant  lines  characterized  behaviorally 

•  Four  sleep  deprivation  resistant  and/or  short  sleeper  mutant  lines  characterized  genetically  and 
molecularly;  results  for  2  lines  already  published  (Shaker  lines:  (Cirelli  et  ah,  2005b); 
Hyperkinetic  lines:  (Bushey  et  ah,  2007);  results  for  the  other  two  lines  close  to  publication 
(PKA,  Fragile  X  Mental  Retardation  Protein)) 

•  Completed  screening  for  candidate  genes  using  differential  display  and  cDNA  arrays  during 
migration  and  in  unihemispheric  sleep;  results  have  already  been  published:  (Jones  et  ah, 
2008a)  (Jones  et  ah,  2008b) 

•  Compared  cellular,  physiological,  cognitive  effects  of  migratory  sleeplessness  vs  sleep 
deprivation;  this  analysis  has  resulted  in  two  publications  (Rattenborg  et  ah,  2004)  (Jones  et  ah, 
2008b) 

•  Completed  microarray  gene  expression  profiling  of  mutant  fly  lines  to  identify  downstream 
targets  (Cirelli  et  ah,  2005a):  Shaker  lines  were  used  for  this  analysis 

•  Complete  down-selection  of  identified  fly/bird  targets  for  drug  discovery  to  2  druggable 
targets:  voltage-dependent  potassium  channels  and  nicotinic  agonists  identified  as  potential 
candidates 

Task  2 

•  Complete  screening  of  compound  libraries  against  potassium  channel  targets  and  nicotinic 
agonists,  selectivity  profiling 

•  Physiochem,  ADMET,  and  wide  profiling  testing  for  potassium  channel  compounds  and 
nicotinic  agonists 

Task  3 

•  Scaled  up  apparatus  for  testing  drug  effects  on  sleep/waking  -  vigilance  in  rats 

•  Tested  candidate  compounds  for  effects  on  sleep/waking  and  performance  in  rats:  results  for 
potassium  channel  compounds  have  been  published  (Douglas  et  ah,  2007)  or  presented  in 
abstract  form  at  scientific  meetings  (Douglas  et  ah,  2006;  Faraguna  et  ah,  2006);  results  for 
nicotinic  agents  have  been  presented  in  abstract  form  at  scientific  meetings  (Faraguna  et  ah, 
2007) 
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